INTRODUCTION
Communities in the Alaskan bush face infrastructure challenges that the general public in the continental United States have not experienced since the turn of the 20 th century. Although many of these bush communities currently have access to air transport, all terrain vehicle (ATV), 1 and boat travel, the infrastructure is far from the level of quality, convenience, and safety many people in the United States enjoy.
The development of transportation corridors in the Alaskan bush has been hindered in part by the lack of a well-developed cash economy, the high cost of development, and the general inaccessibility of particular regions. Traditional "bricks and mortar" approaches to land-based transportation for cars and trucks are very likely to be inefficient solutions in a region where the human populations are low and dispersed and snow machines and four-wheelers are the preferred travel alternatives.
Currently there are approximately 6.97 million ATV users in the United States and this number is expected to grow by 32% to 9.28 million by 2010 (United States Environmental Protection Agency 2005). The boom of recreational ATV use in the United States calls into question whether or not trails can be constructed to provide land managers and government agencies an alternative to deal with trail degradation and safety improvements in their own particular locations.
This research estimates the benefits and costs (B-C) associated with the development of an ATV trail in rural southwestern Alaska from the perspective of the region's current and future residents. The ex ante B-C analysis weighs the benefits from improved safety and decreases in fuel costs against the fixed and variable costs of trail construction. This accounting is evaluated relative to the riverine transportation corridor currently used by local residents. To our knowledge this is the first attempt to incorporate safety improvements in a B-C analysis for transportation in Alaska. Likewise, it is the first attempt to compare a riverine transportation corridor to a land route alternative in the region.
Study Site
Oscarville, Napakiak, Akiak, and Akiachak villages lie within the boundaries of the Yukon Delta National Wildlife Refuge (YDNWR) 
by Lee Elder and Andy Seidl
Akiachak had a population of 633, while Akiak was home to 337 people.
The areas near and around these villages are classified as either Kuskokwim flood plain or tundra uplands. Local soils are perennially frozen at shallow depths and permafrost is as thick as 450 feet in areas. The area is intersected with creeks and sloughs, and thaw lakes are common throughout the area (State of Alaska Department of Transportation 1981).
Local transportation is by boat in the warm months and by snow machine, cars, and trucks when ice thickness permits. The Kuskokwim River is either between breakup and freezeup for approximately two months per year. Therefore individuals are unable to continually travel by using the Kuskokwim River corridor safely (J. Weiss, pers. comm.) .
Importantly from a B-C analysis perspective, the number of people in the region currently unemployed and not actively seeking work is extremely high. Napakiak has a jobless rate of 54.3% and unemployment in Oscarville is about 50% of the resident population. Akiak and Akiachak have a jobless population of 55.3% and 58.2%, respectively (Alaska Department of Commerce Community and Economic Development 2005).
LITERATURE REVIEW
There have been many rural road improvement analyses performed, however, none have analyzed ATV trail development. Therefore, the contributing literature is focused on B-C analyses of road projects. Below are some studies that provided some parameters and background for the current research.
Olsen (1986) evaluated 13 improvements on Alaska's Dalton Highway, a 28 foot wide gravel surfaced road, by exploring tangible benefits resulting from reduced operating costs. He explored options such as a 30 foot wide gravel road to that of paving the entire 416 miles of highway. Olsen (1986) concluded that no improvements were justifiable to the Dalton Highway unless traffic volume increased. Notably, he pointed out intangible benefits such as safety, environmental impacts, and development possibilities should be incorporated to provide a better understanding of the separate road improvements.
The current research is quite similar to research by Waters and Meyers (1987) where an ex ante B-C analysis was performed for the Coquihalla Highway in Canada. Waters and Meyers (1987) estimated benefits from fatality/injury, time, and operating costs reductions on the new highway alignment. A major discrepancy between the research in this paper and Waters and Meyers (1987) research is the methodology employed to determine traffic rates, which in their case, was based on surveys. Surveys were not ideal for the current research because of the likelihood of sampling bias as well as the cost effectiveness of doing so. This research uses Rapid Rural Appraisal (RRA) in the determination of traffic rates. RRA is a relatively quick way of gleaning data from a particular area by developing a rapport with the communities of interest (Chambers 1981) . Therefore, the community leaders of each village were contacted by phone on more than one occasion and then provided a simple questionnaire to estimate what the current travel rates were between each village for boats, ATVs, and snowmachines.
Similarly, the research in this study and the Waters and Meyers (1987) research used fatality/injury rate reductions from the same literature. Waters and Meyers (1987) used previous research from Pacquette and Wright (1979) to arrive at a 33% reduction in fatalities and injuries.
The evaluation of safety benefits for transportation alternatives requires the determination of statistical life and injury values. Boardman et al. (2001) provides an overview of the many different studies and research performed in statistical life and injury value estimates. Ultimately, Boardman et al. (2001) suggests that the most plausible range is between $2.5 million and $4.0 million in 1999 dollars. He based this assessment primarily on Miller's (1990) findings where 67 analyses are examined and re-evaluated using uniform values for travel time and discount rates to convert risk aversion estimates into values. Waters and Meyers (1987) and Boardman et al. (1994) estimated the value of time saved for business travelers at the average gross wage for British Columbia hourly and salaried employees, whereas leisure travelers value their time at 25% of the same rate. The opportunity costs of labor in these villages are close to zero because of the high unemployment rates. Furthermore, these trips would more than likely be leisure trips and would be calculated by a small percentage of the average regional wage rate. For this reason, time in transit costs were excluded from the analysis.
General Approach
The likely benefits of the ATV trail include safety improvements and fuel savings, while the costs associated with trail construction include labor, capital and shipping. The probable size and direction of excluded impacts is discussed in the concluding remarks. The assumed project life is 20 years (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) (2017) (2018) (2019) (2020) (2021) (2022) (2023) (2024) and the discount rate is 7%, reflecting a typical pretax return on private investments (Office of Management and Budget 2004) . Sensitivity analyses are conducted to explore the robustness of the estimates to the variation within the relevant ranges of the focal variables.
BENEFIT CALCULATION Population
Transportation demand is dependent upon the size of the population. Therefore, village population projections over the 2005-2024 period were established using the historic average growth rate (1.5%) over the [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] period for the Bethel Census Area. Historical rates are assumed to be the best predictor of future population growth lacking specific additional information.
Safety Improvements: Fatality and Injury Rates
The ATV trail is expected to provide a safer travel alternative to river travel. There is little objective information from which an ex ante estimate of the degree of safety improvement attributable to the ATV trail relative to current riverine transport routes can be derived. As previously discussed, Boardman et al. (1994) , used secondary data from the Canadian Ministry of Transportation for an ex post analysis of a transportation corridor. He found a 50% reduction in fatalities and injuries occurred due to the improved road types. However, no research provides safety and fatality rates for a riverine transportation corridor. Lacking superior information, it is assumed that a 50% reduction in per capita transportation related injuries and fatalities would occur as a result of the project.
For our purposes, a conservative value of life, based on estimated wages lost, of $2.7 million is assumed (Boardman et al. 2001) . Using a simplistic approach proposed by Miller (1990) Table 2 uses the annual costs of fatalities and injuries in Oscarville-Napakiak (O-N) as an example of how the present value of safety is determined for the ATV trail. Table 2 provides the calculations for fatality and injury costs provided in the first row of Table 3 . The annual fatality rates as were determined in Table 1 Table 2 is the 50% difference in fatality rates. Once the present values of fatalities and injuries for the with and without trails scenarios have been determined they are then subtracted from one another, as provided in the bottom two rows of Table 2 , to provide the net present value of safety benefits from ATV trail development. Table 3 contains the safety benefits for the years following 2005. Table 3 contains changes in population growth and discount factors for the 2005-2024 period (columns 2 and 3). The further into the future the value of fatalities and injuries are evaluated, the greater the effects of the discount factor. For example, the second row of Table 3 (2006) reveals a discount factor of .87; therefore, 87% of the actual value determined in 2006 is to be used because the future value of money is higher than the present value of money.
Row 2 of Table 3 also reveals a population of 462 and is the estimated future population in 2006 as the result of the application of the assumed 1.5% population growth rate. The computation of Table 3 uses the same formulas as provided in Table 2 . The only dynamic variables from row to row in Table 3 are the population and discount factors. As indicated by the last two rows of 20-year period to provide the total net present value of safety because of trail construction.
In the case of Oscarville-Napakiak, the total present value of fatalities as a result of not constructing a trail is $3,588,188 whereas injury costs are $608,791 over the next 20 years. A 50% reduction in both fatality and injury rates creates a net benefit of $1,794,094 and $304,396, because of the construction of the ATV trail between Oscarville and Napakiak ( Table 3) . As outlined previously, the estimated present value of fatalities between Akiak and Akiachak is determined by using the same methodology as for Oscarville-Napakiak. The formulas illustrated in Figure 1 were used to show that when the ATV trail is not constructed, the estimated present value of fatalities between Akiak-Akiachak is $7,270,902, while the cost of injuries is $2,023,172 (Table 4) .
This difference is much greater than that of the cost associated with the O-N trail because of the higher population in the Akiak-Akiachak (A-A) region. A 50% reduction in the fatality and injury rates as the result of trail development generates a fatality cost of $3,635,451 and an injury cost of $1,011,586 and an analogous benefit of trail construction relative to the without-trail option. 
Traffic Rates and Forecasts
Both the benefits and costs of transportation alternatives are dependent upon the traffic volume. Most transportation B-C analyses have the benefit of examining traffic on similar pre-existing roads or the roads being evaluated (Boardman et al. 1994) . Because of the lack of preexisting data and the high cost associated with primary data collection, the traffic counts for the proposed transportation corridor had to rely in part on RRA and on assumptions about road alternative effects used in the previously published literature (Boardman et al. 1994 and Walter and Meyers 1987) . These travel rates were used as the baseline in assessing traffic rates and fuel costs.
Fuel Savings Benefit Calculations
Estimated fuel consumption rates by travel mode and travel patterns were used to gauge fuel costs. Travel between the two sets of villages is likely to increase with improvements in the safety, convenience, ease of travel, and with decreases in the cost of travel. Waters and Meyers (1987) estimate that the construction of a new transportation corridor would cause 50% of traffic on alternative routes to be diverted to the new corridor. Lacking better information, this 50% switch was adopted as indicative of the expected rate of change between river travel and the proposed alternative ATV trail route. However, this assumption cannot be applied to snow machine travel, because it occurs in the winter months when the ATV corridor would not serve as a substitute for boat travel. Travel will be forecast to increase at the rate of population growth only, lacking specific information to adjust the forecast according to other endogenous factors. Total fuel consumption costs include ATV, boat and snow machine travel. However, variation between the status quo and the alternative will come only from shifts from boat travel to ATV in the warm months. As provided in Table 6 , the fuel consumption rates for each method of travel were determined through a combination of RRA and the application of previous research (Davis et al. 1999 ).
Akiak-Akiachak
Oscarville-Napakiak Akiak-Akiachak
Step 1: Determine current transporatation rates w/o trail construction through phone interviews and questionnaires
Year
Without Trail Construction (round trips) With Trail Construction (round trips) Oscarville-Napakiak
Step 2: Apply population growth rate of 1.5% to the subsequent year of analysis. (i.e. 2 X .015 + 2 2.03) Step 3: Reduce existing boat transportation rates by 50% and apply this decrease as an increase to ATV transportation rates (i.e. Daily boat transporation for O-N 2 -(.5 X 2) (1)+ 1.5 2.5 for projected daily ATV transportation) Snow machine traffic rates remain constant regardless if there is a trail developed or not. This is because winter time travel will be restricted to snow machines only. 
Oscarville -Napakiak
Fuel expenditure per trip $17.25 $1.00
*ATV and snow machine mpg estimates were determined by using the average per hour consumption as determined by Davis et al. (1999) . Boat mpg estimates for both communities were developed using OscarvilleNapakiak estimates.
The benefits of boat fuel savings are apparent in Tables 8 and 9 . These totals are determined by the methodology outlined in Table 7. The table uses 2005 O-N data to illustrate how the data in the first row of Table 8 was determined. Fuel costs without trail construction are determined first and are provided in the top four rows of Table 7 . It was determined that the fuel benefits of ATV trail construction would only come from a shift of the current boat traffic to ATV travel. Therefore, benefits are derived in a 120 day period where ATV travel would serve as a substitute for boat travel. There are approximately four months of the year (120 days) where the Kuskokwim River would prove to be a safe alternative for ATV travel. Snow machine travel is assumed to last for eight months or approximately 245 days and is not treated as a substitute for either boat or ATV travel in the current analysis. The second column of Table 7 depicts the daily number of round trips for 2005 and was determined from a series of phone interviews and questionnaires. The final row of Table 7 reveals that after total fuel costs are determined for the with and without-trail alternatives they are subtracted from one another and discounted to provide the 2005 present value of net fuel benefit. This value is summed over the years of analysis (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) (2017) (2018) (2019) (2020) (2021) (2022) (2023) (2024) and provides the total net present value of fuel benefit in the final rows of both Table 8 and Table 9 . A-A has a much higher fuel consumption benefit present value than O-N, with A-A having $140,993 more in fuel consumption benefits. This is attributed to the traffic projection estimates for both community subsets. Due to trail construction, daily ATV traffic for O-N is slightly more than three trips per day by 2024, whereas A-A daily ATV traffic increases to approximately 43 trips per day by 2024. This is logical since Akiak and Akiachak are further removed from the population hub of Bethel than that of Oscarville and Napakiak. Akiak and Akiachak have more dependence on one another for services and goods where as Oscarville and Napakiak rely heavily on Bethel for services and goods. Without trail construction, daily ATV traffic between O-N is approximately two trips and approximately 34 trips for Akaik-Akiachak. 
Summary of Benefit Estimates
The vast majority of ATV trail construction benefits are attributed to safety improvements. A 50% reduction in current transportation fatalities and injuries creates a combined benefit of $2,098,490 for O-N and a benefit of $4,647,037 for A-A. In comparison, the benefit of reducing fuel consumption is $12,106 for O-N and $153,099 for the Akaik-Akiachak trail. The total present value of benefits for O-N and A-A are $2,110,596 and $4,800,136, respectively, during the 20-year life of the ATV project.
COST CALCULATION Construction
Construction cost estimates includes materials, shipping, and labor and are dependent on distance, number of bridges, and variability in terrain. The Bethel to Napakiak Road Reconnaissance Study (BNRRS) was used to estimate the length of the O-N trail as approximately 11.5 miles (State of Alaska Department of Transportation 1981). The length of the Akaik-Akiachak trail will be approximately eight miles, which was determined by examination of aerial photography and topographical maps of the area. Sales quotes were used for specific material costs and shipping costs. Labor costs were estimated through consultations with a trail development specialist and through methodologies provided by previous research and these procedures are outlined in the research below.
Materials Costs. The anticipated material costs of trail construction include: geotextiles 4 , bridge superstructure, miscellaneous materials, and the fill materials required for bridge construction. These costs are provided in the second column of Table 10 . Material costs for trail construction were obtained through a variety of sources. The geotextiles and bridge superstructure costs estimates were collected through consultations with private companies potentially interested in the project. Miscellaneous material costs were estimated through consultations with a trail development specialist, Anchorage-based hardware stores, and, in the instance of screws, from price quotes. The material cost estimates for bridge fill materials were obtained from the BNRRS estimates for a 24-foot-wide bridge designed for car and truck traffic over the same span of the river. The proposed ATV bridge is merely eight feet wide and can support a vehicle load of 10,000 pounds, substantially less than would be needed to support two-way car and truck traffic. In consultation with an engineer, the bridge-crossing material costs for the ATV compatible bridge is estimated to be 45% of the BNRRS bridge material costs (M. Gurkin, pers. comm.).
The proposed trails are approximately 6.5 feet wide, with the exception of the 8 foot wide bridge crossings, and will be constructed using both Geoblock and SolGrid with a layer of TrailGrid beneath both. This relatively new technology provides serviceable trails that sustain ATV traffic and pose little threat to the environment. The construction of such a road reduces surface runoff, increases infiltration, 5 resists erosion and enhances ground water recharge when compared to asphalt or concrete pavement (Meyer 2002) . The National Park Service (NPS) considered these attributes when faced with the possible closure of the only ATV trail into the Palmer Hay Flats State Game Refuge (Presto Products Company n.d.). Rather than closing the ATV corridor or constructing an expensive traditional trail, NPS constructed a geotextile trail through the wetland, which preserves the wetlands natural vegetation.
Geoblock and SolGrid are used in combination because of the characteristics of both materials. Geoblock expands and contracts because of the extreme temperature variation in Alaska. In some instances 12 inches of variance was observed in the length of a 100 foot section of Geoblock on some existing trails in Alaska (Meyer 2002) . Therefore, the construction of a trail 46' x 6.5' of Geoblock connected to 6.5' x 6.5' of SolGrid in a repeating pattern was determined to be the most practical option. SolGrid allows for the Geoblock to contract or expand since SolGrid has expansion components. Material costs are identical for Option A and B except for that of the bridge material costs (Table 10 ). The material costs of Geoblock for both trails were estimated from quotes from GeoChem Inc. and SolPlast Inc. The O-N trail, both Bridge Material. The O-N trail will require the construction of two bridges, while A-A will require one. Bridge material costs include the bridge-superstructure and fill-material costs. Bridge-superstructure costs were established from sales quotes from prefabricated bridge manufactures and construction firms. Fill material costs were determined by a combination of examining cost estimates from previous research and from sale quotes (M. Gurkin, pers. comm.).
Oscarville-Napakiak Bridge Alternatives
The O-N trail will require two separate river crossings, with one being 300 feet and the other being 75 feet. The 300 foot bridge crossing for the O-N trail is evaluated by examining two separate alternatives. Option A evaluates the use of a prefabricated bridge produced by Big R bridges. Option B assesses a bridge constructed by Swalling Construction, an Anchorage based construction firm (Table 10) .
Option A superstructure costs were ascertained from a sales quote from Big R bridge manufactures (R. Warner, pers. comm.). This sale quote does not include fill material costs estimates. Fill material costs were obtained from the BNRRS for the Napakiak Slough crossing and adjusted to 2003 dollars.
Option B bridge costs were similarly ascertained from a sales quote (M. Swalling, pers. comm.). This sale quote included the costs for the total bridge construction project, inclusive of fill material cost.
Regardless of which 300 foot bridge alternative is selected, an additional bridge of 75 feet will be necessary for the O-N trail. The 75 foot crossing costs were obtained from E.T. Techtonics, a prefabricated bridge manufacture (E. Johansson, pers. comm.). Fill material costs for the 75 foot crossing are assumed to be trivial and are, therefore, omitted from the cost estimates.
Option A bridge material cost is $737,862 while Option B is $562,500. This difference is due to required piling for Option A, whereas Option B has no such requirement. Including the 75 foot bridge crossing, Option A bridge material costs account for 28% of the total construction cost of the O-N trail, while Option B bridge material costs account for 24% of the total trail construction costs.
Akiak-Akiachak Bridge
The A-A trail requires the construction of a 75 foot bridge. The sales quote as provided by E.T. Techtonics was used for the bridge cost estimate. Similarly, the fill material costs for the A-A trail are considered inconsequential and have been omitted from the current calculations. The bridge construction cost of $31,875 for the A-A trail accounts for 3% of the total trail construction costs.
Miscellaneous Material Cost.
Miscellaneous material costs are the estimated costs associated with the trail construction. These costs were estimated from a combination of sources including Anchorage-based hardware stores, Meyer (2002) , and consultations with a trail development specialist (K. Meyer, pers. comm.) . Screws are the major component of miscellaneous material costs. The trail requires eighteen #8 ¾ inch stainless steel screws per linear foot. Because the trail from Oscarville to Napakiak is 60,720 feet, approximately 1.1 million screws are needed. The total cost of screws for the entire O-N trail is $13,771 and comprises 48% of the total miscellaneous materials cost. Similarly, the A-A trail requires 760,320 screws, equating to $9,580, which comprises 40% of the total miscellaneous materials cost for trail construction.
Shipping Costs
Alternatives for transporting the materials are severely limited because of the lack of both roads and rail lines in the area. Therefore, shipping can only be accommodated through waterway routes or small plane travel. Shipping costs from each material source was determined by each of the material providers to Seattle with the exception of miscellaneous cost. Shipping costs from Seattle to Bethel was determined by consultation with a Carlile Transportation Systems shipping line and these estimates are shown in the fifth column of Table 10 (B. Peterson, pers. comm.).
Labor Costs
The labor costs of the trails are divided into bridge construction and trail construction. B-C analyses typically assign the wage rate or less as the opportunity cost of labor employed in construction. Because the regional labor market is extremely slack, it is likely that the local opportunity cost of labor potentially employed by this project approaches zero; it is likely that the project would provide work to the currently unemployed or underemployed. Trail construction labor and bridge construction labor costs have been computed separately because of the difference between workers employed to accomplish each task. Trail construction can be a source of employment for local people. Because of the high jobless rate in the villages, the wage rate was adjusted downward by 50% to reflect the opportunity cost of trail construction labor relative to bridge construction labor. Bridge construction will require the use of heavy machinery and knowledge of soil characteristics to construct a safe crossing. Therefore, bridge construction will have to be outsourced. Outsourced labor is charged at its full rate as a cost of the project.
Including site preparation costs, Geoblock installation costs $320 for a trail 100 feet x 6.42 feet (K. Meyer, pers. comm.) . This cost applied to the length of the 11.5-mile trail for O-N totals $194,304 in trail construction labor costs (Table 10) . Consultation with a trail design specialist reveals that a crew of five people can complete 200-300 feet of Geoblock trail per day (K. Meyer, pers. comm.) . It, therefore, can be expected that the construction will employ 15 workers for the summer. Similarly, the eightmile A-A trail has a labor cost of $135,168 and will employ approximately 10 people.
Bridge construction will require the use of contractors, engineers and soil specialists. It is assumed that skilled labor from outside of the area will be necessary to complete the crossings. Construction costs figures for the 300 foot bridge and the 75 foot bridge were ascertained by using the same methodology used in the BNRRS where 25% of the bridge material costs were used as the labor charge. Site preparation costs for bridge construction are assumed to be included in this labor charge (M. Swalling, pers. comm.). A field visit by an engineer could give a closer approximation of site preparation costs. However, it was assumed that this cost is included in the bridge labor charge. Bridge labor costs are approximately equivalent for Options A & B, while the A-A trail has an approximate cost of $8,000 (Table  10 ).
Summary of Costs
The lowest cost is for the Akaik-Akiachak trail, totaling $1.2 million, followed by Option B with a total cost of $2.4 million, and the most expensive alternative is Option A with $2.6 million in expenses. Material costs account for more than 60% of the total construction costs for each option and village subset. The second major component of each village subset's costs is shipping costs, accounting for 22-32% of the total construction costs. The smallest proportion of costs is attributed to that of labor costs, which are between 7-12% for each village subset.
PROJECT FEASIBILITY
The net present value (NPV) along with the benefit cost ratio (BCR) and internal rate of return (IRR) for the base analysis were calculated and are provided in Table 11 . Under our current analytical assumptions (e.g., 7% discount rate, 20-year project, zero scrap value, conservative value of life, 50% reduction in injuries and mortalities), only the A-A trail passes the positive net present value test for project feasibility (Table 11 ).
Both options for the O-N trail reveal a higher cost than measured benefit. The total net benefits for A-A are $3.6 million, while Options A and B yield losses of about $527,000 and $273,000, respectively. As a result, the BCR is negative for both Options A and B and reaches 4.10 for the A-A alternative. IRR calculations reveal that Options A and B are robust only to discount rates of 4.4% and 5.6%, respectively, while the A-A route indicates a far higher expected return of 35.96%.
SENSITIVITY ANALYSIS
Sensitivity analysis is typically undertaken to assess the stability of the B-C estimates to feasible variation in the important model variables. In this case, project duration and value of life provided the likely important sources of variation, and therefore were subjected to sensitivity analysis. First, the project was evaluated based upon a 15, 25, and 30-year time horizon in addition to the original 20-year project lifetime. Secondly, the implications of higher published values of human life are explored on the justification that lost wages do not reflect the value of a human life to society, only the value of their professional life.
Project Life Adjustment
The base model's 20-year life evaluation was changed to reflect multiple project lives, including 15 years, 25 years, and 30 years (Table 12 ). The results for Option A and the A-A route are robust to changes in project life; policy recommendations regarding these two options do not change with project length. Moreover, the A-A route is highly robust to changes in project life, indicating less than 0.5% difference in annual expected return by doubling the length of the project. However, Option B meets the feasibility criteria when project life extends to 30 years, but not for 25 years or less. As transportation infrastructure planning could potentially extend to 30 years, this may be an important finding with regard to Option B.
Statistical Life Value
The value of a statistical life in the base analysis is $2.7 million (Boardman et al. 2001) . The sensitivity analysis changed the value of life to Boardman et al. (2001) upper bound estimate of $4.38 million, though even more recent highend estimates can exceed $6-$7 million (Viscusi 
Project Benefits Project Costs
Oscarville-Napakiak AkiakAkiachak 
Oscarville-Napakiak AkiakAkiachak
Summary of Sensitivity Analysis
Our calculations are generally robust to changes in project life and variation in the statistical value of a life. In all cases the relative attractiveness of each option remains the same, but the magnitudes of the net benefit calculations vary. A long project life pushes Option B into economically feasible ranges, while the other two alternatives do not change importantly. Changing the value of life simply inflates the benefits proportionately, and pushes all options into the feasible range.
CONCLUSIONS AND LIMITATIONS
Evaluation of the trail construction alternatives reveals that Akaik-Akiachak trail would be the best alternative for trail construction dollars relative to the other alternatives. O-N ATV trail options provide no net benefit under the base analysis. Sensitivity analysis results further strengthen findings for Akaik-Akiachak and O-N Option A. Some doubts as to the benefits from O-N Option B exist as a result of sensitivity analysis. If the life of the ATV trail were to extend for 30 years, then positive net benefits would be realized.
Limitations in the research include the methodology used in ascertaining traffic projections, the number of fatalities/injuries for travel between the villages, and the exclusion of particular costs. Traffic-rate estimates could be improved by field visits and first-hand evaluation during different seasons of the year. Fatality and injury rates were compiled by evaluating deaths in the area over the specified time period. It should be noted that these deaths might have been for trips to other villages or as the result of recreation where no specific destination was ever assumed.
In addition, engineering costs, geotextile quantity alternatives, maintenance costs, subsistence values, time in transit, and existence values have all been excluded from this evaluation. A precise estimate of engineering costs was financially infeasible for this analysis. This could add a significant amount of costs for site preparation in relation to bridge construction. The analysis assumed that the entire length of the trail would be covered with geotextiles. In reality a visit to the site would provide a closer approximation of necessary geotextile material. Maintenance costs have been excluded as the result of consultation with the trail specialist, which stipulated that maintaining the trail would require only four-five days of work for two people. Time in transit costs were not equated because the opportunity costs of labor are low due to high levels of unemployment and the expected time-savings benefit would be low. Existence values for wildlife have been omitted as the result of discussions with a Yukon Delta National Wildlife Refuge (YDNWR) biologist, which determined that the effects of subsistence hunting would be inconsequential.
Moreover, the future may depart from our assumptions about it. Specifically, how economic activity will react to the development of an ATV trail. There may be more transportation to Napakiak from Oscarville for goods and services that are not available locally. The effect that this might have has not been included in the current analysis.
Endnotes
1. For purposes of this research, ATV's are small, open-motor vehicles having one seat and three or more wheels fitted with large tires. They are designed chiefly for use over roadless, rugged terrain and weigh less than 1,000 pounds.
2. From the human-capital perspective, the opportunity cost of labor is close to zero. However there is a high level of non-market activity in this area that simply cannot be ignored. From the socialcapital perspective these communities' subsistence activities support the food supply with eggs and birds in the spring, salmon in the summer, and caribou in the winter.
